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380 s compared to 3-5 s for water and there was no reduction in 
the pH aod solids content. This thinning out was due lo 
relrogradation of the arnylose fraction of the native starch [7j. 
When the processing temperature was raised to 74° C, a golden 
yellow adhesive was obtained with no thinning out observed 
after 4 weeks as earlier observed with adhesive prepared at 
60°C This is probably because the percentage native starch was 
reduced thereby reducing the 'seeding* tendency [14]. 
Thick brown pastes of little or no mobility were obtained from 
the heat degraded starches. The pastes did not draw or thin out 
even with the addition of 5% (w/v) HCU The lack of mobility 
was probably due to the reduction in the length of the starch 
molecules by best treatments causing less association. 
Wien the adhesives were applied, very good joints were 
obtained from paper to paper, to wall, wood, and glasses. No 
joint was formed between papeT and plastic or between smooth 
surfaces. This is expected because according to Radky (1953) 
mechanical adhesive requires porous surface for keying action. 
In addition very thin applications were needed to obtain very 
3table joints. 

4 Conclusions 

Varing the temperature of steeping, duration of steeping and 
use of sulphite in steeping cassava pulp affect the physicochemi- 
cal properties of starch produced. The method of immediate 
extraction of starch from the grated roots produced starches 
with high swelling power and peak viscosity, low setback 
tendency and higheT pH which are desirable properties for 
adhesive formulation with KOH. This method was also most 
rapid and economical. Adhesives with good stability, colour 
and appiicibiliry was obtained when heated to 74°C. Work is in 
progress on inprovement of stability, flow properties, and 
preservation of this adhesive. 
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Com March was phosph&ted on a Brabender single screw extruder at 
different extrusion temperatures, sodium triporyphosphare (STP) 
concentration and pH of the medium. The highest degree of substitu- 
tion (DS) was obtained at extrusion temperature of 2t» J C, STP 
concentration equal or superior of 1.4g/100mJL of water and pH of 
8.5. The DS was related to paste clarity white the extrusion process, 
to the water absorption index and water solubility index, indepen- 
dently of the DS. 



Hersteilung und Sgenschaften von dutch das Extmsionsvarfah> * 
ran gewonnenen Starkephoaphaton. Mais^tarke wurtie mil einem 
Brabcaacr-Einschnccfccncxtrudcr bci verschiedencn Extrusionsteirt- 
peraturen, Natxiumtrirxilyphosphnt-KoiKentxationen (STP) uutl pH- 
Wertea des Mediums phosphatiert. Der bochste 3ubsttlutionng^m.i 
(DS) wurdc bei der Exirusibusiempcratur 200 o C. dnei STT-Konacii- 
tration von l,4g^00mL Wasser oder hftber und bei pH 8.5 eihaken. 
Der DS stand im Zusammenaang rait der Pnsrcnklnrhcit, wnhrend 
der Extrusion^prozefl bezugiich WasserarKiorpiionsindex und Wasscr- 
loslichkeitsmdex unabhangig vom DS blieb. 
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1 Introduction 

Information from the literature suggests that several modifica- 
tions of starch granules, which increase industrial utilization of 
starch, are related [1]. Among these modifications esterifica- 
tion of starch with sodium tripoiyphosphate (SIT) has been 
employed to obtain pastes, which arc clearer, longer, more 
viscous, cohesive and resistent to retrogradadon [2]. E>ata from 
the literature show that the properties of such derivatives 
depend on the type of starch, degree of substitution (DS) and/or 
the production process [1, 3—7]. According to these authors, in 
the conventional process, esterification of starch is achieved 
when a mixture of starch and STP of low moisture content is 
held for a certain time at high temperatures. The similarities 
between the temperamres and moisture content employed in 
the conventional cstcrificatiou process with those used during 
the extrusion process [8 -12] indicates that the later may be 
used for starch esterificaridn. 

The objective of this work was to investigate the possibility of 
using the extrusion process to obtain starch phosphate esters. 
To accomplish this objective the effect of extrusion tempera- 
ture, STP concentration and pH of the medium on the tech- 
nological properties: DS, water absorption index (WAI). water 
solubility index (WSI) and paste clarity of the starch derivative 
was studied. 

2 Materials and Methods 

Commercial corn starch from Refinances de Milbo Brasil, Ltd. and 
food grade STP from Monsanto A/S were used throughout the experi- 
ments. The method of Paschatl [Ij, with some modifications, wax used 
to produce staTch phosphate esters by the conventional method cf 
esterificatkm. The method of Smith and Caruso [13] was used to purify 
the starch phosphate. 

2.1 Extrusion parameters 

A Brabcndcr type 20 D-N extruder with vertical feeding was used in the 
extrusion process. Fixed extrusion parameters were : 3 : 1 compression 
rate, screw velocity of 130 rpm, a cylindrical matriz with a diameter of 
4mm, first zone temperature of 8G C C, feeding rate of ^70 g/min and 
starch moisture content of 16,4%. Variables of the extrusion process 
were: extrusion temperature, STP concentration and pH of the starch 
and STP mixture. 

2.2 Extrusion temperature 

A starch sample of 100,00 g with 12.9% moisture was dispersed in a 
water solution containing 167 mL of distilled water and 7.60 g of STP. 
The pH was adjusted to 8.5 and the mixture was recovered by vacuum 
filtering through a common filter paper and dried to 12.0 to 13.0% 
moisture content. The dried product was powdered in a mortar, passed 
through a 35 mesh (0.42 mm) sieve and sprayed with distilled water to 
increase the moisture content to 16.4% . This rnucturc of starch and 
STP, containing 16.4% moisture, was extruded at 130. 145, 160, 175 
and 20irC. 

The extruded products were dried at 40-45 m C for approximately 15 h 
and powdered to pass through a 1 .5 mm diameter sieve. Excess of STP 
was eliminated with succsavc washings of 65% ethanol water solution 
and finally with methanol. The purified product was dried at -40— 45 "C 
for 2 h. 

2.3 Effect of the STP concentration: 

Samples of starch (100.00 g) were dispersed in lOOrnL of water 
containing 0,00; 0.20; 0.S0; 1.40; 3.00 or 5.00 g of STP. After adjusting 
the pH to B.5, these mixtures, were vacuum filtered, dried, powdered 
and the moisture adjusted to 16.4% as described above. The sLarch-STP 
mixtures were extruded at a fixed extrusion temperature of 13fXlC and 
the extruded products were dried, powdered and purified as described. 



2.4 Effect of pH 

The pH of solutions ooniaining 1,40 gof ST? in lOGmLof d^ullcd watsr 
was adjusted to 5J5; 6.5 ; 7.5 and 8.5 by the addition of 3X» k VC\. i V> 
these solutions 100.00 g of starch with !?..<>% moisture were gdded and 
the pH values of the dispersions was confirmed by rbc met hod or Ki'rr 
and Cleveland [5]. Vacuum filtering, drying, powdering and moisture 
adjustment to 16.4% were made as described above. The final 
mixtures were tjitrudcd at a fixed extrusion temperature of 130- C and 
the extruded products were dried, powdered and purified as described 
earlier. 

2.5 Characterization of the Starch Phosphate: 

Purified starch phosphate samples werediaiysed against distilled water 
as described by Smith and Caruso [13] and used to determine the DS. 
WAI, WSI and paste clarity. These parameters were determined in 
purified starch phosphate samples and compared with those of a starch 
sample without STP extruded with 16.4% moisture. pH of 3.5 and 
extrusion temperature of 130* C. 

DS was calculated by the equation suggested by Kerr and Ctevetand [5] . 
% Pd - % Pt 

DS - 

12.8 

where: %Pd « Percent of total phosphorous in the 
derivative on a dry basis* 
% Pt = Percent of total phosphorous in the original siarch on a 
dry basis. 

Total phosphorous in the samples was determined according to (he 
method of Smith and Caruso [13]. WAI and WST were determined by 
the procedure of Anderson et al. [14]. The method of Kerr and 
Cleveland [5] was used to determine paste clarity. 

3 Results and Discussion 

3.1 Technological characteristics: 

Table 1 shows the technological characteristics of com starch, 
starch phosphate derivative produced by the conventional 
process and starch extruded at 130°C without STP. Values of 
WAI, WSI and paste clarity for the coin starch were similar to 
those found in tie literature fI5]. Values for water absorption 
and water solubility of the corn starch and starch, phosphate 
obtained by the conventional process were lower than those of 
the extruded starch. These results indicate that during the 
extrusion process the granules were intensely broken, which 
increased the amount of soluble compounds and the hydration 
capacity of the insolubles. On the other band, the granular 
structure of the starch was preserved during the conventional 
phosphating process. Paste clarity of the starch phosphate 
derivative, as expected, was higher than that shown by the 
extruded starch. 



Table 1. 

Characteristics of Corn Starch, Com Starch Phosphated Conventio- 
nally and Extruded Cora Starch at 130°C Without Sodium Tripolyphos- 
phate (STP). 
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Characteristics 


Corn starch 


Corn starch 


Corn starch 






phosphated 


extnudct 






conventionally 


without STP 


DS 


0,0000 


e,oo30 


0,0000 


WSI (%) 


0,6 


0,6 


6,3 


WAI 


2,0 


2,1 


11.2 


Paste Clarity 








(% transmitance) 28.0 


51,0 


29.0 



DS = Degree of substitution, WSI = Water solubility index. 
WAT = Water absorption index. 
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3.2 Extrusion temperature 

The effect of the extrusion temperature on DS. WAL WSI and 
paste clarity is shown in Table 2. No relationship was observed 
between extrusion temperature and DS. Maximum DS were 
observed at 2G0°C. Increase in the extrusion temperature did 
not result in significant differences in the WAL According to 
Merrier et al. [9] and Merrier and FeiUet [10] the WAI reaches a 
maximum with the increase of extrusion temperature. Scliirmer 
[15] observed a parallel increase between WAI and DS for 
starch phosphates derivatives produced by the conventional 
process. This was not observed m these experiments with starch 
phosphates prepared by the extrusion process (Table 2). It is 
possible that the effect of the extrusion temperature has been 
counterbalanced by the formation of phosphate-starch esters. 
The WSI values reached a maximum at 175*0, probably due to 
the elimination of compounds solubles in 65% alcohol, which 
were formed at extrusion temperature of 200 *C. Formation of 
oligosaccharides of low molecular weight under these condi- 
tions was observed by Merrier et al. [9] and Owusu-Ansah et al. 
[It]. Increase in extrusion temperature* up to I75 C C. did not 
cause mcxiifications in the paste clarity. However, the products 
extruded at 200*0 had the highest values for paste clarity. 

Table 2. 

Effect of the Extrusion Temperature oa the Characteristics of Phospha- 
ted Starches Produced at Sodium Tripolvphosphate Concentration of 
4.5/100 mL of Water and pH 8.5. 



Extrusion 


I>S WAI 


WSI 


Paste clarity 


Temperature 




<%> 


(% transmitancc) 


130 


0,0030 11.0 


6.3 


74.5 


145 


0,0024 11.9 


8.6 


74.0 


161) 


0,0)27 12,2 


10.8 


74.5 


175 


0,0022 11.1 


VI -8 


74.0 


200 


0,0053 10.8 


9.8 


83.0 


DS = DegTee of substitution. WAI = 


Water absorption index. 


WSI = Water solubility index. 






Table 3. 








Effect of Sodium iripolyphosphate (SIP) Concentration on Charac- 


teristics of Phosphated Starches Produced at 130*C and pH 8.5. 


Concentration of sodium DS 


WAI WSI 


Paste clarity 


tripolyphosphaie (STP) 


(%) 


(% transmitance) 


(#100 mi of water) 






0.2 


0.0013 


11.9 6.9 


45.0 


0.8 


0.0020 


11.1 6.2 


63.5 


1.4 


0.0035 


11.9 6.3 


74.0 


3.0 


0.0035 


11.2 6.8 


74.0 


5.0 


0.0035 


U.5 6.4 


74.0 



DS - Degree of substitution, WAI = Water absorption index, 
WSI = Waier solubility index. 

Table 4. 

Effect of pH on the Characteristics of Phosphate Starches Obtained al 
13fPC and Sodium Tripolyphospaate (STP) Concentration of 1.4 g/ 
100 mJL of Water. 



PH 


DS 


WAI 


WSI 


Paste clarity 








<%) 


(% transmitaace) 


5.5 


0.0022 


12.0 


6.9 


45.0 


6.5 


0.0029 


12.0 


7.0 


60.5 


7.5 


0.0027 


12.2 


63 


66.5 


8-5 


0.0035 


12.3 


6.2 


73.5 



DS = Degree of substitution, WAI - Water absorption index, 
WST = Water solubility index. 



These results, in conjunction with those of Table 1. saw thai 
the extrusion process affected the WSi and WAI while tht 
formation of the phosphate derivative had an influence on p:istc 
clarity. 

3.3 STP concentration: 

Table 3 shows the effect of the STP concentration ou the values 
of DS. WAI, WSI and paste clarity. Increases in the STP 
concentration, up to 1.4 g/100 mL. were followed by increases 
in the DS and paste clarity. Thereafter, these values remained 
constant WAI and WSI remained practically constant with 
increase of the STP concentration. 

3.4 Effect of pH 

Effect of pH on DS. WAI, WSI and paste clarity is shown in 
Table £. Increase on pH values was followed hy increases in the 
DS and paste clarity. The maximum values of DS and paste 
clarity were found at pH 8.5 and were similar to those shown in 
Tables 2 and 3 ? indicating that these variables are related to 
each other. Values of WAI and WSI confirmed that these 
characteristics are related to the extrusion process rather than 
to the cstcrificatioD process. 

4 Conclusions 

The results obtained from this research showed thai it is 
possible to produce starch phosphate with low DS values by the 
extrusion process. Extrusion temperature of 200° C. STP con- 
centration equal or superior of 1.4 g/100 mL and pH. of 8.5 were 
found as the conditions that resulted in the highest OS. The 
WAI and WSI were controlled by the extrusion prctccss, 
independent of the presence of STP. On the other hand, paste 
clarity was controlled hy the DS values. 
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